Aiming towards compact versatile ranging lidars
Grégoire Martinot-Lagardd OCA = Observatoire de la Cote d’Azur)

MeQ laser ranging station (OCA\ Calern)

G

The Moon
alt. ~ 350 000 km

Stella satellite
alt. ~ 800 km

(diameter = 20 cm) -

a few mJ
of ps Nd-Yag

200 mJ / pulse train laser

of ps Nd-Yag laser

= sensitivity
to be tested

=> mean precision ~ 200 ps
( 200 ps& 3 cm = earth_moon / 19

MeO Telescope aperture = 1,5 m at Calern Obsegvéadirtude = 1300 m)



Lunar laser ranging results improvements
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Calern laser ranging stations complementarity

Lageos echos (1000 cm?)
~ 1000 000 Moon echos " P
as 106 ~ [ altitude?/ surface ] X
~ [ 100* / 100 ]

Métrologie Optique ( MéO = ex-LLR)

200 mJ emitted in 47 withP 4cepiion= 1,9 M
The Earth —
( radius = MeéO sensitivity = 100 000 FTLRS one
6400 km) => Moon echo = 1%~ Lageos echo = 10%
FTLRS = French Transportable — MéO range = Moon

Laser Ranging Systein )
20 mJ emitted in 40" witkh =15cm

réception™

— FTLRS range = Lageos



6 research directions
to enhance stations range and precision

1) Stations improvements,

3) Data post-treatment : mixing of Laser Rangesults (ILRS),
4) Comparison with complementary technologies{GBh,
5) Post-treatment incorporating complementariinetogies
(GPS, GLONASS, VLBI...) to improve the substraction
of unwanted bias (local earth tectonic movememanf
the longitudinal laser ranging results (for lasgale studies),

6) New laser ranging concepts ( T2L2, TIPO)...



’ . 0
MeQO project &\&\\ O

Goals:
1) nearby satellites telemetry,
2) enhanced Lunar telemetry, P
3) R & D on optical links.

statior

The Earth
( radius =
6400 km )

absence
compensated

How :
1) telescope speed enhancement (x 10)
2) 2 (3) complementary lasers,
3) optical commutation enhancements, \_z
4) focal laboratory for visitors instrument .=




R Medulatlon moharente
RED 2 couleurs - signatures

Manlp externe

Ground floor of the
optical laboratory




Méo lasertable =24 mx1,4m

300 picoseconds oscillator + Afocal + semi-traifspipicker 3

- Amplifier <ﬁ'/

NS T Commutation zone

Detection zone = Protected detector Optical tracking
( pulse /18°) + Optical filter of the target

scale 1/10 from J-F. Mangin (OCA)




Optical commutation technologies
target at 400 km@ time of flight = 2,6 ms)

Commutation with
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“LC of Boulder dichroic + shutter OR
Nonlinear Systems
» FerroelectridLiquid Crystal FLC.
* polarisation rotation (9pin +/-5 Volts / %
* large diameter (up to 100 mm) |
« Dammage thresholds0 mJ/cm? @ 200 ps
* Less than 1 ms commutation fraitio du fluxto 97% of the flux
Etude du commutateur FLC sous 100Hz I Etude du commutateur FLC sous 1kHz
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=> Good commutation at 100I—g => Commutation limit = 1 kHz



e Pockels cells:

 Small diameter 20 mm at QUANTUM Technology, inc,
e Dammage threshold 2 J / cm2 ~ twice FLC one),

e Less than 1 ns of commutation time from 0,1% a @PHux.

» « DLLP = Digital Light Processing » micro-miroitsiented at 12+ 1° :
 Intermediate price :
FLC ~ 1500 € < DLP ~ 3000 € < Pockels ~ 7600€ [y
e commutation in 1 ns from a »
« dark state to a bright one (97%)

=> What about going back to a specific mechargoaltion



Mechanical « miniaturised » commutation solution

Mirror diameter ~1 cm

q

Emission beam

Reception beam

200 um Reception footprin

/ L

Vacuum chamber

For kHz commutations, a few holes could be realised...



Target enhancements

Hollow corner cube
* no refractions and optical los
* self oriented and lightened...

i: ~~~~~~~ «empty » oy o0
« Nearby » “TTe--s gpace
satellites <« Far» satellites
o«
0e¥ s > 1000 ome

i (1969-72),

» Galileo : 23600 km, 1 hollow cube (2008),

The Earth e Jason 1-2 1200 km, 9 oriented corner cubes (2001-8),

( radius =
6400 km ) e Stella: 800 km, 48 kg, 20 cm, 60 corner cubes (1993)

e Lageos: 5900 km, 400 kg, 60 cm, 426 corner cubes, (76).



Hollow corner cube

* Perfect (unique) spatial reference point,

* Diffraction limited by this big aperture,

* No thermic deviation »(silicate bonding),

< a=1/0 mm _.

* Field of vue up tat 30 degreesH{ 60 degrees for plein corner cubesT
>> (alileo useful field of vue = 13 degrees, ’

'

* Aberration of speed correctable with mirrors asg 90,

lightweight mirrors are necessdor A / 10 surface quality :
- Hollow_cube weight = 2 x [plein_ cube (g, = 3"*x 120 mm)] weight
- but 30 to 65% ligthening => extra-costs and bnegkisks...




Conclusion

We are currently developping a compact optical uragnt

for Optical ME trology (MeO) with a range dynamic of 1000
( Moon orbit ~ 400 000 kre> minimal orbit satellites ~ 400 kn)s

Our commutation final choice is still under disaogas as
we intend to usertense (~1J/m“andrapid (=100 Hz)asers.

We then have to anticipate faravelenghts evolutions
Lets also foresee some station versatility viutiire R&D

(lllade),and withinvited experiments taking advantage
of our powerful laser + astronomical telescopd (6m).



